Social relationships play an important role in the uptake, maintenance, and cessation of smoking behavior. However, little is known about the natural co-occurrence of social network features in adult smokers' networks and how multidimensional features of the network may connect to abstinence outcomes. The current investigation examined whether qualitatively distinct subgroups defined by multiple characteristics of the social network could be empirically identified within a sample of smokers initiating a quit attempt. Egocentric social network data were collected from 1571 smokers (58% female, 83% white) engaged in a 3-year smoking cessation clinical trial. Using nine indicator variables reflecting both risk and protective network features, finite mixture models identified five social network subgroups: High Stress/High Contact, Large and Supportive, Socially Disconnected, Risky Friends and Low Contact, and High Contact with Smokers and Light Drinkers. External variables supported the validity of the identified subgroups and the subgroups were meaningfully associated with baseline demographic, psychiatric, and tobacco measures. The Socially Disconnected subgroup was characterized by little social interaction, low levels of stress, and low exposure to social environmental smoking cues, and had the highest probability of successful cessation at 1 week compared with all other social network subgroups. At 6 months posttreatment its members had higher abstinence rates than members of the High Stress/ High Contact subgroup and the Risky Friends and Low Contact subgroup. The present study highlights the heterogeneity of smokers' social milieus and suggests that network features, especially those entailing exposure to smoking cues and contexts, heighten risk for smoking cessation failure.
Worldwide, smoking is both common and deadly: 1.2 billion people smoke, and smoking remains the leading preventable cause of premature mortality (Cahill, Stevens, Perera, & Lancaster, 2013 ; U.S. Department of Health and Human Services, 2014) . Although most smokers report wanting to quit (Centers for Disease Control and Prevention, 2011) , even with the use of pharmacotherapy or counseling 80% of quit attempts fail within the first month (Fiore et al., 2008; Hughes, Keely, & Naud, 2004; Kenford et al., 1994) . To guide the development of more effective treatments, a deeper understanding of the variety of influences that support or undermine the cessation process is needed.
Social relationships play an important role in our health and health behaviors (see, e.g., Cohen, 2004; Stroebe & Stroebe, 1996) . Many health behaviors, including tobacco use, are developed and reinforced in the context of a person's social network (e.g., Christakis & Fowler, 2008; Rosenquist, Murabito, Fowler, & Christakis, 2010) . Although multiple studies have examined the connection between smoking and the social network, most research has focused on the networks of adolescents (e.g., Hoffman, Sussman, Unger, & Valente, 2006; Kobus, 2003; Urberg, Degirmencioglu, & Pilgrim, 1997) . Research examining the social networks of adult smokers has generally focused on correlations between successful smoking cessation and individual features of the network such as network members' tobacco use (Hitchman, Fong, Zanna, Thrasher, & Laux, 2014; Ockene, Benfari, Nuttall, Hurwitz, & Ockene, 1982) , perceived social support of the network (Burns, Rothman, Fu, Lindgren, & Joseph, 2014; Johnson et al., 2008) , network stress (Slopen et al., 2013) , or spousal/partner smoking (Hawkins, Hollingworth, & Campbell, 2010) . Overall, little is known about the natural co-occurrence of social network features or characteristics of adult smokers' networks, the extent to which smokers differ in patterns of network characteristics, and how multidimensional features of the network connect to abstinence outcomes.
Whereas traditional variable-centered approaches (e.g., linear regression) describe relationships among a set of variables within a sample or population, person-centered techniques (e.g., cluster analysis) identify qualitatively distinct groupings of similar individuals based on their responses to a set of variables. As a tool for identifying unique types of individuals within the population, person-centered methods are useful because they are able to identify groups of individuals who may share similar etiology, temporal course, or distal outcomes. Tobacco studies have used personcentered analyses to empirically identify qualitatively distinct groups of smokers defined by their pattern of smoking or course of smoking development. These subgroups reliably predict important smoking outcomes such as successful cessation or later nicotine dependence, and are distinguished by key demographic, health, and/or lifestyle characteristics (e.g., Chassin, Presson, Pitts, & Sherman, 2000; Laska, Pasch, Lust, Story, & Ehlinger, 2009 ). Person-centered strategies can also characterize smokers' social networks, revealing not only how network features tend to cohere or come together to form qualitatively distinct subgroupings of smokers' social contexts, but also the relative frequencies with which such subgroups occur. Furthermore, these subgroups may differentially predict important smoking outcomes such as a smoker's ability to quit. Identifying the presence of distinct network systems (Von Bertalanffy, 1956 ) has the potential to advance our understanding of cessation outcome likelihood because it captures the additive and interactive effects of multiple network features that may surround a smoker when he or she decides to quit, potentially illuminating the mechanisms that drive cessation failure. In addition, it can highlight other salient features (e.g., demographic, nicotine dependence) that may differentiate these groups. This innovative approach seems warranted given the evidence of strong relations among social network features, the serious health risks associated with tobacco-use, and the limited success of current tobacco interventions (Fiore et al., 2008) .
The present research will empirically define social network subgroups building on the findings of variable-centered analyses which have identified multiple risk and protective characteristics of the social network that are empirically associated with smoking behavior and with successful quit attempts. These indicator variables include general characteristics of the network such as network size (Berkman, Glass, Brissette, & Seeman, 2000; Valente et al., 2007) , "closeness" of contact (Berkman & Syme, 1979; Christakis & Fowler, 2008) , perceived support and stress from network members (Carey, Kalra, Carey, Halperin, & Richards, 1993; Cohen & Lichtenstein, 1990; Lawhon, Humfleet, Hall, Muñoz, & Reus, 2009; Westmaas, Bontemps-Jones, & Bauer, 2010) , and the smoking and drinking patterns of network members (Hitchman et al., 2014; Room, 2004; Shiffman, Paty, Gnys, Kassel, & Hickcox, 1996) .
The present research uses a person-centered analytic technique (finite mixture modeling) and data from a large smoking cessation trial to address four interrelated aims: (a) to determine the number and types of social network subgroups that best summarize the social network data from a sample of smokers engaged in a quit attempt; (b) to validate the identified social network subgroups using preselected individual difference variables independent of the mixture modeling analysis; (c) to determine whether the network subgroups predict smoking abstinence at 1 week and 6 months after a quit attempt; and (d) to provide descriptive characterizations of the identified social network subgroups and determine whether the network subgroups vary on important demographic, health, and smoking behaviors in clinically and substantively meaningful ways using descriptive and exploratory post hoc analyses. Although we use the term "subgroups" to describe the results, it is important to bear in mind that finite mixture modeling is a probabilistic ("fuzzy") clustering technique where each individual's membership in a subgroup is probabilistic instead of deterministic. Although this probabilistic clustering assignment has advantages (e.g., accounting for measurement error on the grouping variables), relating such latent groupings to specific individuals involves separate probabilistic inference which will be discussed later in this report.
Method
Participants were 1571 smokers (58% female, 83% white) who completed baseline assessments as part of a 3-year smoking cessation and health outcomes clinical trial conducted in Madison and Milwaukee, Wisconsin. Adult smokers were recruited via media advertisements and local/regional news stories from January 2005 to June 2007. Inclusion criteria included smoking Ն10 cigarettes per day during the past six months, having an alveolar carbon monoxide level Ͼ9, expressing a motivation to quit smoking, reporting no medical contraindications to study medications, and reporting no clinical diagnosis of psychosis, bipolar disorder, or schizophrenia. The study received human subject's approval from the University of Wisconsin Health Sciences Institutional Review Board, and was registered with clinicaltrials.gov as Smoking Cessation Medications: Efficacy, Mechanisms and Algorithms: NCT00332644. For more details, see Piper et al. (2009) .
Participants were screened via telephone to establish eligibility, and attended an informational session where they provided written informed consent. Participants attended three baseline visits and completed a medical history, physiological measures of health status, smoking history, tobacco dependence, social network composition, demographics, and a biochemical assessment of smoking status (a carbon monoxide [CO] breath test).
At the last baseline session, participants were randomized to one of six treatment conditions: (a) bupropion SR; (b) nicotine lozenge; (c) nicotine patch; (d) nicotine patch ϩ nicotine lozenge; (e) bupropion SR ϩ nicotine lozenge; or (f) placebo. Participants then set a quit date for the following week and had follow-up assessments on their quit day and at one, two, four, eight, and 26 weeks after their quit day where vital signs, adverse events, and smoking status were recorded. Of the smokers who initially agreed to participate in the clinical trial and completed the social network assessment at baseline (N ϭ 1571), 1504 participants were randomized into the trial.
Measures: Social Network Indicators
Social network characteristics were assessed with an intervieweradministered instrument at baseline. Participants were asked to list the names of their romantic partner and up to nine people who, during the past year, provided emotional or instrumental support, socialized or spent time with them regularly, or were "important" to them. The identification of new network members was terminated when the respondent stopped identifying new members, or when the total This document is copyrighted by the American Psychological Association or one of its allied publishers.
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network size reached 10. Network sizes thus varied from 0 to 10. After listing the individuals in their network, participants answered questions about each network member including demographic information, relationship to the participant, amount of contact with the participant, smoking and drinking behaviors, amount of emotional support provided, and the amount of stress these individuals caused. The first step of finite mixture modeling is to select the set of grouping (indicator) variables to group individuals on. Based on the existing literature, nine indicator variables (see below) from participants' baseline social network interviews were used to identify discrete social network subgroups. Due to specifications within the teigen family of mixture models (Andrews & McNicholas, 2012 ) and the teigen package (Andrews & McNicholas, 2014) in R (R Core Team, 2014), only continuous indicator variables were used to specify the mixture models.
Number of network members. A point was given for each unique network member identified (including a romantic partner) during the baseline social network interview. Points were added together to create a score which ranged from 1-10.
Percent of network members who are current smokers. One point was given to each network member identified as a current smoker (reported as a "daily smoker" or "social smoker"). Because the number of current smokers in the network may depend on an individual's network size, the sum score was divided by the number of network members and multiplied by 100 to obtain a percentage.
Percent of network members who are heavy drinkers. One point was given to each network member identified as a heavy drinker (reported as a "frequent or heavy social drinker," "problem drinker," or "alcoholic") and a percentage was created.
Mean days of contact with network members. Participants were asked for each network member: "In the last 30 days, about how many days have you had contact with this person?" A mean contact score was created by summing the number of days the participant reported having contact with each network member across all network members and dividing by the number of network members.
Support of network. Participants rated the emotional supportiveness of each network member over the past year from 0 ϭ not at all to 3 ϭ a lot ("this person provided or would have provided emotional support"). A continuous sum score was created by summing the amount of emotional support across the total number of network members.
Percent of network members who are friends. One point was given for each network member identified as a "close friend" or "friend" and a percentage was created.
Stress of network. Participants rated the stressfulness of each network member over the past year from 0 ϭ not at all to 3 ϭ a lot ("was this person a source of stress or conflict for you?"). A continuous sum score was created.
Mean days of contact with current smokers. For each network member identified as a current smoker, the number of days of contact during the last 30 days were summed across these network members and a mean was created.
Mean days of contact with current drinkers. For each network member identified as a current drinker, the number of days of contact during the last 30 days were summed across these network members and a mean was created.
Measures: Validation Measures
To provide external validation for the subgroups extracted, measures independent of the social network indices used to identify the groups were selected from the data set. These variables were predicted to significantly differentiate the extracted network subgroups.
Stressful life events. Life events were sampled from the Social Readjustment Rating Scale (SRRS; Hobson et al., 1998) . The SRRS assesses the number of potentially stressful events experienced during the participant's lifetime with life events ranging from minor (e.g., change in eating habits) to major (e.g., death of a close family member).
Drinking behaviors. Participants reported (a) number of drinking days during the past 30 days, and (b) number of drinks consumed when drinking.
Mental health. Participants completed the Composite International Diagnostic Interview (CIDI), a structured clinical interview that provides both past-year diagnoses as well as lifetime diagnoses for mental health and substance use disorders (Kessler & Ustun, 2004) .
Smoking environment. Participants completed the SocialEnvironmental Goads, a subscale from the Wisconsin Inventory of Smoking Dependence Motives (WISDM; Piper et al., 2004) . The WISDM Goads subscale reflects the perceived influence of social and environmental smoking cues on smoking motivation. Participants also reported whether they lived with a partner or a nonpartner who currently smokes.
Social network characteristics. Additional characteristics of smokers' social networks were examined to further test the validity of the extracted social network subgroups. Participants were asked about their network drinking/smoking buddies ("Did you have a group of 'drinking (smoking) buddies' that you drank (smoked) with regularly?"). These questions were used to create: (a) percent of network classified as smoking buddies, and (b) percent of network classified as drinking buddies. In addition, the number of current smokers in the network who smoked a 'little' to 'a lot' around the participant was used to create: (c) percent of network who smoke around the participant.
Measures: Descriptive Measures
Demographics and smoking variables. Baseline questionnaires assessed demographics (e.g., gender, race, age, and education level) and smoking history/behaviors including age of smoking initiation, number of cigarettes smoked per day, cessation self-efficacy, and motivation to quit smoking. Participants also completed the 6-item Fagerstrom Test of Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker, & Fagerström, 1991) .
Social network characteristics. Additional characteristics of smokers' social networks were examined to further describe the extracted social network subgroups including: (a) percent of network who are family members, and (b) percent of network who are supportive nonsmokers (i.e., "former smoker" or "non-smoker" and emotionally supportive with a score of Ն2 on the emotionally supportive variable). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Measures: Abstinence Outcomes
Smoking status was assessed as 7-day point-prevalence abstinence ("Have you smoked at all, even a puff, in the last seven days?") at 1 week and 6 months after the target quit date. Abstinence was biochemically confirmed using alveolar carbon monoxide (CO Ͻ10 ppm) assessments conducted using a Micro-3 Smokerlyzer (Bedfont Scientific, Williamsburg, Virginia).
Data Analysis
Finite mixture modeling (FMM) with multivariate t distributions. FMMs were fit to identify distinct subgroups of smokers' social networks based on nine indicator variables (network size, frequency of contact, emotional support, stress, percentage of friends, percent of current smokers and heavy drinkers, and contact with smokers and drinkers). FMM (also called latent profile analysis or model-based clustering) is a person-centered data clustering technique intended to yield an optimal grouping of individuals within the population who are similar to one another on a set of continuous variables, while at the same time being meaningfully different from members of other subgroups (Muthen, 2001) . Because FMM assumes that these subgroups are unobserved, the number of subgroups and subgroup membership must be inferred from a set of "indicator" variables. FMM assigns individuals to these groups based on how "close" each individual is to a subgroup's set of indicator variable means, or the subgroup's centroid.
FMMs are known to be particularly sensitive to non-normal data features (Bauer & Curran, 2003; Peel & McLachlan, 2000; Tofighi & Enders, 2008) . Thus, to accommodate the possibility of nonnormal data features, FMM's were fit with mixtures of Student t distributions utilizing the teigen package in R. As a heavy tailed approximation to the normal distribution, mixtures of Student t distributions allowed the possibility of modeling both heavy-tailed and normal mixture components in cases where some subgroups were sampled from both normal and heavy tailed distributions.
Model fitting procedure. FMMs with mixtures of Student t-distributions were estimated with 1 to 7 mixture components (subgroups). For each individual G component mixture model fit (i.e., 1-component, 2-component. . . 7-component), three different initialization techniques were employed to obtain starting values for the expectation-conditional maximization (ECM) algorithm (Meng & Rubin, 1993) : a soft-randomization scheme (SR), a hard-randomization scheme (HR), and traditional k-means (KM) 1 clustering. For all models, the ECM algorithm was set to a convergence criterion (M step) of 1 ϫ 10 Ϫ9 as suggested by Uebersax (2000) . Other algorithmic and model-fitting specifications (e.g., max-number of iterations, df start values, etc.) were set to the teigen package defaults. Finally, the teigen family of models employed in the teigen package allows for various constraints to the covariance matrix and degrees of freedom of the multivariate mixture model. When fitting the various mixture models, all 28 possible teigen models (derived by the eigen-decomposition of the covariance matrix with constrained or unconstrained degrees of freedom) were estimated in an effort to find the best-fitting model.
Model selection. Model selection is one of the more complicated issues when conducting an FMM analysis. Although the use of model-fit indices such as the BIC can guide the selection of an optimal final model (Nylund, Asparouhov, & Muthén, 2007) , it has also been suggested that model selection in FMM contexts should proceed based on a combination of model fit indices, inspection of the model's parameters, interpretability, and linkage to substantive theory (Bauer & Curran, 2003; Muthen, 2003) . Therefore, to select a final model, models with the lowest BIC and AIC values (Forster, 2000; Forster, 2002; Sober, 2002) were selected and examined for differences on the extracted subgroups' indicator means or medians utilizing background social network, smoking, and behavioral science theory as a substantive guide. Consideration was also given to the subgroups parameter estimates, log-likelihood, and proportion of the sample assigned to each subgroup of the fitted models.
Social network subgroup validation. Because FMM estimates each individual's posterior probability of membership in each subgroup based on their response to the set of indicator variables, there is uncertainty associated with each individual's subgroup assignment. To reduce bias when estimating the association between independent variables and subgroup membership, the final teigen model was reestimated in Mplus (Muthen & Muthen, 1998 -2015 using the R3STEP procedure based on Vermunt (2010) to correct for classification uncertainty. The R3STEP procedure estimates multinomial logistic regression models that include the covariates as predictors of the latent subgroups. To adjust for multiple tests of significance, all pairwise tests were adjusted for the false discovery rate (FDR; Benjamini & Hochberg, 1995) .
Prediction of smoking cessation outcomes. To assign each individual to a unique network subgroup, a "classify-analyze" approach was taken where participants were assigned to the social network subgroup corresponding to their highest posterior probabilities.
2 To determine whether the identified subgroups differentially predicted cessation success at 1 week and 6 months post quit, logistic regression models were fit with social network subgroup membership as the primary dummy-coded predictors and gender, race, education, nicotine dependence (FTND), cigarettes smoked per day, and treatment (active vs. placebo) as covariates.
Social network subgroup description. After identifying the social network subgroups, exploratory analyses were conducted using the R3STEP procedure in Mplus to examine network subgroup differences on demographic, smoking, drinking, psychopathology, health, and social network measures, adjusting for the FDR.
Results
The majority of participants were female (58%), Caucasian (83%), and were unlikely to have obtained a college degree (see Table 1 ). Participants were about 44 years old and smoked approximately 21 cigarettes per day (SD ϭ 8.94). During their baseline social network interview, smokers reported an average of 7.7 social network members (of a possible 10; 27% of smokers reported a full network of 10 individuals), moderate levels of network support (M ϭ 14.60, SD ϭ 6.07), and low levels of network stress (M ϭ 4.86, SD ϭ 3.48). Current smokers made up 38% of participants' networks (SD ϭ 22.65).
Identification of Social Network Subgroups
FMMs containing one through seven mixture components were fit to the nine social network indicators in the dataset. Table 2 shows the model-fit indices for the 1, 2, 3, 4, 5, and 6 component mixture models extracted by the teigen package. Examination of Table 2 reveals that as the number of components increased, the BIC and AIC decreased until the 6-subgroup model, where all three model-fit indices increased above both 5-subgroup models (SR and KM). Substantive examination of the 4-, 5-, and 6-subgroup models revealed that the 4-subgroup model combined two substantively meaningful subgroups and contained a group that was made-up of 51% of the sample. In addition, both 6-subgroup models contained small (e.g., Ͻ 8% of the sample) and substantively meaningless subgroups. Examination of the two 5-subgroup models revealed that although the 5-subgroup KM model fit the data the best, two of the indicator variance estimates were 0 (suggesting a potentially spurious solution), and the solution included a substantively meaningless subgroup. Taking these findings into consideration and given that the 5-subgroup SR model had the second lowest BIC and AIC value, the 5-subgroup SR model was selected as the final model and was used for all subsequent analyses. The final model's component degrees of freedom were unconstrained with values of 2.0, 11.3, 7.7, 2.9, and 18.4 for classes 1 through 5, respectively, and revealed largely non-normal mixture components. Subgroup 1 (n ϭ 122, 8%) contained smokers who reported the highest amount of contact with members of their network and the highest amount of network stress. Members of this subgroup also endorsed a high number of network members, a high proportion of heavy drinkers, and high amounts of contact with current smokers compared to other subgroups. Based on these patterns, Subgroup 1 was labeled High Contact/High Stress. Subgroup 2 (n ϭ 351, 22%) contained smokers who reported the largest number of network members and received the highest amount of emotional support from their network. This subgroup was labeled Large and Supportive. Subgroup 3 (n ϭ 254, 16%) contained individuals who reported the fewest network members, lowest level of emotional support and network stress, and had the smallest proportion of individuals in their network who they considered to be "friends." In addition, these individuals reported that their network contained no heavy drinkers, the smallest proportion of current smokers, and the smallest amount of average contact with current smokers and drinkers. Subgroup 3 was labeled Socially Disconnected. Smokers in Subgroup 4 (n ϭ 296, 19%) reported the highest proportion of "friends," current smokers, and heavy drinkers in their network, but the lowest amount of average contact with network members and low levels of emotional support. This subgroup was labeled Risky Friends and Low Support. Subgroup 5 (n ϭ 548, 35%) was the largest of the five subgroups. Individuals in this subgroup reported a high amount of overall contact with network members, and the highest amount of contact with current smokers and drinkers when compared to all other extracted subgroups, but no 
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Description of Identified Social Network Subgroups Based on Indicators
Validation of Identified Social Network Subgroups
The social network subgroups were found to be meaningfully related to preselected independent validation variables (see Table  4 ). For example, smokers in the High Contact/High Stress subgroup scored highest on the Social Readjustment measure of overall life stress and were the least likely to live alone. Smokers in the Risky Friends and Low Support subgroup had the highest number of drinking days per month, were the most likely to smoke with their friends, and had the highest proportion of drinking buddies. Members of this group also scored highest on the WISDM Social-Environmental Goads subscale (indicating that their smoking was triggered by environmental cues). Smokers in the High Contact with Smokers and Light Drinkers subgroup were the most likely to live with a partner or spouse who smoked. Finally, members of the Socially Disconnected subgroup reported the lowest percentage of smoking and drinking buddies in their network, had the smallest proportion of network members who actively smoked with them, reported the lowest score on the WISDM Social-Environmental Goads subscale, were the most likely to live alone, and were the least likely to live with a smoker. While these smokers reported the fewest number of stressful life events, they also reported the largest number of drinks when drinking.
Prediction of Smoking Cessation Outcomes
The social network subgroups differentially predicted short and long-term abstinence (see Table 5 ). Smokers in the Socially Disconnected subgroup had the highest abstinence rates at 1 week (44%) and 6 months (38%). Using the Socially Disconnected subgroup as the reference group, and adjusting for nicotine dependence, gender, race, education, and treatment, we found that the other four subgroups had significantly lower abstinence rates at 1 week. At 6 months, the Socially Disconnected subgroup still had significantly higher abstinence rates than the High Contact/High Stress (OR ϭ 1.87, p ϭ .02) and Risky Friends and Low Support (OR ϭ 1.46, p ϭ .05) subgroups. In addition, at 6 months, smokers in the High Contact with Smokers and Light Drinkers subgroup were somewhat more likely to be abstinent than smokers in the High Contact/High Stress subgroup, but this difference was not significant (OR ϭ 1.48, p ϭ .10). Table 6 displays the results from the descriptive analyses and shows that the extracted subgroups varied on important demographic, smoking, drinking, psychopathology, health, and social network variables in substantively meaningful ways. The Socially Disconnected subgroup contained the highest proportion of older and nonwhite individuals. These smokers had smoked for the highest number of years, and were the oldest when they started smoking daily. These smokers were also the most likely to be diagnosed with a panic attack disorder and were the least likely to live with a smoker. Socially Disconnected smokers also reported the highest proportion of supportive former smokers in their network. Smokers in the Risky Friends and Low Support subgroup were the least motivated to quit and reported the smallest propor- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Social Network Subgroup Description
tion of supportive former smokers in their network. They were also the youngest smokers (excluding members of the High Contact/ High Stress subgroup). The High Contact/High Stress subgroup appeared to be primarily composed of female smokers. Interestingly, there were no significant differences across subgroups in the number of cigarettes smoked per day, FTND scores, baseline self-efficacy, education, self-reported health, or depression.
Discussion
This research used finite mixture modeling and nine different social network characteristics to identify five distinct social network subgroups within a sample of smokers initiating a quit attempt. These empirically derived network subgroups were meaningfully associated with baseline demographic, psychiatric, and tobacco measures, as well as to smoking cessation success.
The Socially Disconnected network subgroup was associated with the highest likelihood of establishing and maintaining longterm abstinence. This subgroup had the highest probability of successful cessation at 1-week compared with all other social network subgroups. At the 6-month follow-up date, the Socially Disconnected subgroup was significantly more likely to be abstinent than the High Contact/High Stress and the Risky Friends and This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Low Support subgroups. These differences remained at the 1-week and 6-month marks even while controlling for individual difference factors found to be related to successful cessation in this sample (Piper et al., 2010) highlighting the social network as an independent influence on cessation success. The Socially Disconnected networks were small and characterized by relatively little social interaction. This network environment appeared to expose members to both risk and protective factors for smoking. The Socially Disconnected subgroup was characterized by the fewest network members, few friends, living alone, and derived little emotional support from their network. These features have been linked to a failure to quit (Johnson et al., 2008; Lawhon et al., 2009; Tauras & Chaloupka, 1999) , reduced likelihood of abstinence maintenance (Roski, Schmid, & Lando, 1996) , persistent or "hard-core" smoking, and/or a lack of exposure to antismoking stimuli (Emery, Gilpin, Ake, Farkas, & Pierce, 2000) . However, the Socially Disconnected subgroup was also characterized by the lowest proportion of smokers in the network, the lowest amount of contact with network smokers, a low number of smoking buddies, and a small proportion of network members who smoked with them. These features, in combination with relatively low levels of social stress within the network and infrequent contact with drinkers or drinking stimuli, all suggest a social environment largely insulated from many of the cardinal instigators of smoking lapse and relapse. Notably, despite the relatively low levels of emotional support characterizing the Socially Disconnected type of network, this network was characterized by the highest proportion of supportive former smokers. Ex-smokers may provide especially effective abstinent-specific support during a quit attempt (Lawhon et al., 2009; Murray, Johnston, Dolce, Lee, & O'Hara, 1995) .
The low levels of reported network stress and life-event stress associated with the Socially Disconnected network may also have served as a protective feature. A lack of exposure to various forms of psychosocial or life-event stress reduces cognitive or physiological strain associated with stressful events or environments, thus decreasing maladaptive behavioral responses (e.g., smoking) needed to cope with such adversities (Childs & de Wit, 2010; Cohen & Lichtenstein, 1990; Slopen et al., 2013) .
Although social support is generally considered to promote smoking cessation, features of the Large and Supportive network, which included a high proportion of emotionally supportive members, did not translate into the best abstinence outcomes. For instance, this network subgroup was associated with a relatively high likelihood of marriage, a factor typically associated with positive health and behavioral outcomes (e.g., Robins & Regier, 1991; Johnson, Backlund, Sorlie, & Loveless, 2000) . However, this subgroup attained lower abstinence rates than the Socially Disconnected network. Although this difference may reflect a complex constellation of factors, the current findings support recent calls for a more nuanced understanding of the links between social support and cessation (see, e.g., Westmaas et al., 2010) . For instance, one study failed to find associations between emotional support and smoking cessation (Burns et al., 2014) . Therefore, cessation success may depend on the type of social support (e.g., emotional, instrumental, abstinent-specific), source of support This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
(e.g., partner, former smoker), timing of support, or a combination of these factors. The High Stress/High Contact subgroup primarily comprised socially connected women who surrounded themselves with current smokers and heavy drinkers. Therefore, this subgroup was apparently exposed to fairly high levels of smoking related cues: that is, drinking cues, smoking cues, and stress (Pomerleau & Pomerleau, 1991; Shiffman, 1982; Wills, 1986) . This may explain the high levels of nicotine dependence and low abstinence rates associated with this type of network. The relatively high levels of stress characterizing this subgroup may also have contributed to the relatively poor smoking outcomes of individuals in this network.
The Risky Friends and Low Contact subgroup was characterized by smokers who reported many friends, but relatively little interaction with or support from these friends. In addition, this network subgroup was largely comprised of heavy drinkers and current smokers. Thus, the "friends" in these networks may have served as powerful vectors for relapse following a quit attempt, given the strong links between smoking and drinking cues and the motivation to smoke (Childs & de Wit, 2010; Shiffman, 1982; Sinha & Li, 2007) . In addition, this network was characterized by a relatively low motivation to quit smoking, possibly compounding the effects of smoking cue exposure. This subgroup was relatively young and especially unlikely to be married, reported the largest proportion of drinking buddies, actively smoked with other network members, and reported the smallest proportion of supportive former smokers. Taken together, these features paint a picture of a network containing mainly superficial "party friends" (such as drinking buddies), with interactions likely revolving around social activities that exposed members to smoking cues and contexts (e.g., parties, bars).
Finally, the High Contact with Smokers and Light Drinkers subgroup was the largest of the five social network subgroups (35% of the sample), and was characterized by high contact with both current smokers and drinkers, but not heavy drinkers. Thus, this subgroup was likely heavily exposed to smoking and drinking contexts and cues, factors that have been strongly linked to smoking lapse and relapse (Christakis & Fowler, 2008; Hitchman et al., 2014; Richmond & Ross, 2008; Shiffman et al., 1996 Shiffman et al., , 1997 . Interestingly, this subgroup consumed the lowest average number of drinks when consuming alcohol compared with other subgroups, but evidenced high levels of alcohol abuse or drug abuse. It is possible that members of this subgroup had prior problems with substance use and abuse and were limiting their alcohol use as a consequence.
Causes of Indicator Coherence
One contribution of this work is that it describes the types of social networks that are commonly present among groups of smokers. Such knowledge might help organize our understanding of the factors that lead to cessation failure and therefore might contribute to treatment development. This raises the question of why certain sets of characteristics might reliably co-occur among smokers. For instance, why is it that certain features of the Socially Disconnected group co-occur; that is, a lack of social contact, lack of perceived support, and a lack of contact with smokers and drinkers? Or, why is it that relatively high numbers of current smokers, heavy drinkers, and friends co-occur in the networks of the Risky Friends and Low Support smokers? It is possible that such coherence of indicators reflects multiple processes such as homophily (selection), where network members seek out similar others in predictable ways. In contrast, network members may model and reinforce certain types of behavior (e.g., substance-use) for one another. It also may be the case that broad personality characteristics serve as 3rd variables, affecting both the nature of smokers' networks and independently affecting cessation success. This would be consistent with evidence that personality traits predict many of the relevant indicators: for example, cessation success (e.g., Leventhal et al., 2012) , drug and alcohol use, and patterns of social relationships (Asendorpf & Wilpers, 1998; Chassin, Flora, & King, 2004; Kahler et al., 2009) . It is also possible that some network indicators commonly co-occur in the environmental ecology of specific types of smokers. For example, smoking and drinking typically co-occur in social settings such as bars or parties (Nichter, Nichter, Carkoglu, Lloyd-Richardson, & TERN, 2010) , and smokers who frequent these events/contexts would likely be exposed to both factors. Thus, further research is needed to explicate the causal role that social network constructs play in the causal paths that affect smoking cessation outcomes.
Strengths, Limitations, and Future Directions
There are several strengths of this study, including the use of a novel clustering method to empirically identify multidimensional social network types within a sample of smokers, and the validation of the extracted subgroups with independent covariates and important distal outcomes. Examination of network types within a person-centered framework also captured multidimensional associations among network characteristics that might have escaped detection with the use of variable-centered (e.g., factor analysis, regression analysis) methods. Finally, the large sample size and prospective design afforded an excellent opportunity to characterize the nature of smokers' social networks and explore their relations with subsequent cessation success.
Several limitations should be noted. First, although the sample size used for clustering was large (N ϭ 1571), the extraction of mixture components and parameter estimates can be sensitive to sample size (e.g., Nylund et al., 2007) . Given the complexity of the modeling technique and the small percentage of individuals in some of the subgroups (specifically subgroup 1; n ϭ 122), it is possible that the sample size affected the recovery of parameters and/or extraction of the subgroups. However, validation analyses, linking the subgroups to cessation outcomes, and the use of substantive theory as a guide for model selection supports the validity of the results. Second, the social network subgroups were based exclusively on baseline data. Therefore, this study does not address how smokers' social networks might have changed during the quit attempt (see Bray, Smith, Piper, Roberts, & Baker, 2016) . Third, the dataset included only smokers who wanted to quit smoking and participated in a longitudinal trial. Therefore, the social network subgroups extracted in this study may not apply to all smokers. Finally, the present study utilized ego-centered network data to define an individual's social network and measure network member's behavior. Thus, the network connections and network behaviors are based on the perceptions of the participant, rather than on reports from identified network members or objective data; thereThis document is copyrighted by the American Psychological Association or one of its allied publishers.
fore the data may be subject to bias arising from a common reporter (e.g., Bauman & Ennett, 1996) . Although this research highlights the vital role that exposure to smoking cues appears to play in the processes of quitting and returning to smoking, the present study does not reveal what it is about cue exposure that is so harmful. For example, is it the elicitation of drug conditioned responses, the desire to bond with other smokers by sharing the experience of smoking, or the mere availability of cigarettes? Indeed, all of these factors may be influential. In addition, while the current study examined the connection between social network subgroups and smoking cessation, it is possible that the identified subgroups are associated with other clinically relevant smoking outcomes. It would be of considerable interest to examine network associations with outcomes such as smoking reduction, dependence, treatment response, and withdrawal severity. Although many questions remain, this research does suggest that one reason that relapse may be so prevalent among some groups of smokers is that risk factors densely co-occur in their networks, with some networks conveying exposure to drinking cues, observation of smoking, and cigarette availability. Such exposure appears to be toxic despite the presence of other factors that might, in theory, mitigate this effect (e.g., perceived social support, low stress, a large network, substantial interaction with network members). Thus, this research with its focus on the social environment of a smoker, suggests, ironically, that certain drug cues are inextricably connected to the social ecology of some smokers and may be critical determinants of cessation outcome above and beyond individual characteristics typically identified as focal risk factors for cessation failure.
Conclusion
The present study characterizes the types of social networks found among smokers prior to a quit attempt, revealing both the heterogeneity of smokers' social milieus, and the fact that different networks convey very different patterns of exposure to risk and protective factors for smoking cessation. In particular, network subgroups characterized by high levels of exposure to smoking and drinking cues were associated with an especially high likelihood of smoking cessation failure. Future research should explore the mechanisms via which network membership confers risk (e.g., enhanced cue-induced craving) and the extent to which network membership conveys risk information not available from individual risk variables.
